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DObjective: To estimate the cardiovascular workforce needed by 2030 to meet the needs of our population and
to quantify its costs. Our field is changing. The volume of surgery and the nature of the surgery are changing.
The nation’s population grew from 227,000,000 to 282,000,000 between 1980 and 2000, and by 2030 the
population is estimated to be 364,000,000. At the same time, the applications for fellowship in our specialty
are decreasing at an alarming rate. The American Board of Thoracic Surgery has certified 4500 cardiothoracic
surgeons since 1975, but only 1300 in the last 10 years. The US Department of Health and Human Services
predicts only 3620 full-time cardiothoracic surgeons in 2020. Will we have enough cardiovascular and tho-
racic surgeons?
Methods: Retrospective examination of the pertinent literature and with a modified Richard Cooper’s economic
trend analysis, a population algorithm with a ratio of physicians to population of 1.42 per 100,000. Each thoracic
surgeon is predicted to practice 30 years from Board certification to retirement. The Balanced Budget Act will not
be revised; therefore, we will certify 100 graduates from our programs per year. The assumed salaries will be
$50,000 with benefits of 30% and $15,000 of additional Direct Medical Education costs.
Results: The population in 2030 will be 364,000,000 with 5169 cardiothoracic surgeons needed at that time. Un-
fortunately, there will be approximately only 3200 cardiothoracic surgeons in practice with a shortage of approx-
imately 2000. To maintain our current status per 100,000 population from 2011 to 2030, we will have to train
4000 residents. The total person years would be approximately 28,000. The cost for this is more than
$2,000,000,000. The annual cost for this training prorated over 20 years would be more than $110,000,000.
Conclusion: We must train approximately 4000 surgeons, an extra 100 per year, in our specialty to meet the
needs of the population by 2030. That will cost approximately $2,250,000,000. To do this, the Balanced Budget
Act of 1997 must be revised to permit more residents to be trained in the United States. (J Thorac Cardiovasc Surg
2010;139:835-40)The nation’s population grew from 227,000,000 to
282,000,000 between 1980 and 2000, and by 2030 the pop-
ulation will be 364,000,000.1 In our book, Consumer Driven
Health Care,2 we predicted there would be a shortage of
300,000 physicians by 2050. Howwould that shortage affect
the numbers of thoracic and cardiovascular surgeons?
The applications for fellowship in our specialty are de-
creasing at an alarming rate. The American Board of Tho-
racic Surgery has certified 4500 cardiothoracic (CT)
surgeons since 1975, but only 1300 in the last 10 years.
The US Department of Health and Human Services predicts
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The Journal of Thoracic and CaThe Balanced Budget Act of 1997 ‘‘was enacted to con-
trol the growth of Medicare spending’’ and capped all med-
ical and surgical residencies at 1996 levels without provision
for population growth. Will this affect our problem?5MATERIALS AND METHODS
Workforce Analysis
To predict our thoracic surgical workforce for 40 years, we established
the number of thoracic and cardiovascular surgeons working in 2005 (per-
sonal communication, William Gay, MD, 2005). We then added the newly
Board-certified surgeons entering the workforce and subtracted the number
of thoracic surgeons leaving the workforce because of retirement, death, or
disability. We combined those 3 projections to predict the total number of
thoracic surgeons working every year. We used this method to predict the
surgeons needed on a population basis in accordance with US Census Bu-
reau estimates as we previously predicted for general surgery.6
Assumptions
There are 5 assumptions:
1. The 2005 ratio of surgeons per 100,000 population will be main-
tained, which was 1.42 thoracic surgeons per 100,000 population.
2. The number of thoracic surgeons in practice was approximately
4000 in 2005.
3. Each surgeon would practice 30 years from Board certification
to retirement, death, or disability.rdiovascular Surgery c Volume 139, Number 4 835
Abbreviations and Acronyms
CT ¼ cardiothoracic
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D4. There will be 100 Board certifications per year of graduating res-
idents.
5. The postgraduate training positions would remain constant with
no revision of the Balanced Budget Act of 1997.RESULTS
Calculation of Number of Surgeons Needed
1. For an estimate of the thoracic surgeons needed per de-
cade, the following formula is used: [1.42 3 the esti-
mated US population] divided by 100,000 ¼ the
number of thoracic surgeons needed. The results are
shown in Table 1. By 2010 we will have a shortage of ap-
proximately 553 thoracic surgeons. By 2030 that number
is approximately 2000, and by 2050 that number is ap-
proximately 3000.
2. Calculation of surgeons leaving the workforce: Our algo-
rithm assumes approximately 133 surgeons (ie, 4000 di-
vided by 30) are leaving the workforce every year; that
includes retirement, disability, and the death of the sur-
geons. As a result, by 2035, all of the surgeons will be re-
tired, as illustrated in Figure 1.
3. The projection of new surgeons (we assume that there
will be 100 new surgeons who will be certified by
American Board of Thoracic Surgery each year): The
number of newly Board-certified thoracic surgeons
will increase to 3000 by 2035, at which point it be-
comes stable as these people retire. The results are il-
lustrated in Figure 1.
4. Calculation of the total number of thoracic surgeons in
practice: From our initial number of 4000 practicing sur-
geons, we subtracted the number of older surgeons who
had retired, been disabled, or died, and added the number
of new surgeons recently Board certified; these projec-
tions are also illustrated in Figure 1.
By 2036, all of the practicing surgeons in 2005
have retired. Our boards will have certified 3000 new sur-
geons in that 30 years; the total of thoracic surgeons who
are in active practice stabilizes at 3000.Calculation of the Costs for Education
1. We refer to the shortage for 2030 in Table 1, column 5
and enter it in Table 2, line 4. The shortage is 1994.
2. We will certify 2000 thoracic and cardiovascular sur-
geons in 20 years from 2011 to 2030, line 5 of Table 2.
3. We add these 2 numbers and enter them in line 6, total
certification goal 2011 to 2030; this equals 3994.836 The Journal of Thoracic and Cardiovascular Surg4. Divide the total certification goal 2011 to 2030 by 20; that
equals the residents to be certified each year, 200, in line 7.
5. Multiply the residents to be certified each year by 7 and
then by 20 to get 28,000, the total resident years at 7
per resident in line 8.
6. Multiply the 28,000 by $80,000 to get the costs for Direct
Medical Education at $80,000 per year of resident train-
ing from 2011 to 2030, $2,236,640,000, line 9.
7. Divide the Direct Medical Education costs at $80,000 per
year of resident training from 2011 to 2030 by 20 to get
the annual costs of $111,832,000 in line 10.
Two hundred residents need to graduate per year to keep
up with our increasing population (Table 2). This will cost
our nation more than 2 billion dollars at an annual cost of
more than 100 million dollars. This does not include the
costs for Indirect Medical Education.
DISCUSSION
Methodology
There are 4ways to performprojections of physician supply
and the demand for physician services. The first is the
work effort method advocated by Etzioni and colleagues.7
The second method is the inventory analysis of the US Gov-
ernment of US Department of Health and Human Services
Health Resources. The third is Richard Cooper’s method of
economic trend analysis based on gross domestic product
per capita. We use a fourth method, a simplified form of Ri-
chard Cooper’s economic trend analysis, population analysis,
which does not account for increases or decreases in gross do-
mestic product per capita but gives agreement with Cooper’s
results within 5% of the total physician workforce.6-9
Review of Assumptions
Although it may not be possible to maintain the ratio of
surgeons to population, that concept is essential to our
method in doing the calculations. If the Balanced Budget
Act is revised in this 20-year period, there will be more grad-
uates certified. With the average age of graduates from our
residencies between 31 and 36 years, it makes sense to fore-
cast a period of 30 years from Board certification to retire-
ment. A problem with our predictions is certifying 100
graduates each year; if we are not successful, our estimates
are high for practicing surgeons (Figure 2).
Analysis of Results
Etzioni and colleagues7 conclude that the volume of tho-
racic surgery will be increased 18% by 2010 and 41% by
2020. Their method of workload analysis does not include
the effects of changing technology to increase or decrease
our workload; we cannot estimate that effect either. If we
continue on this course, we will not have the numbers to
meet that increased demand and we will have a deficit of ap-
proximately 2000 thoracic surgeons by 2030. Althoughery c April 2010
TABLE 2. Calculation of costs
Population in 2030 364,000,000
CT surgeons needed 5169
CT surgeons in practice 3175
Shortage 1994
Estimated to be certified, 2011–2030 2000
Total certification goal, 2011–2030 3994
Residents to be certified each year 200
Total resident years at 7 per resident 28,000
DME costs at $80,000 per year of resident
training for 2011–2030
$2,236,640,000
Annual costs $111,832,000
CT, Cardiothoracic; DME, Direct Medical Education.
TABLE 1. Thoracic surgeons needed and in practice
Year
Projected
population
Surgeons
needed
Surgeons
in practice Shortage
Shortage
(%)
2000 282,000,000
2010 309,000,000 4388 3835 553 13%
2020 336,000,000 4771 3505 1266 27%
2030 364,000,000 5169 3175 1994 39%
2040 392,000,000 5566 3000 2566 46%
2050 420,000,000 5964 3000 2964 50%
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D2000 thoracic surgeons will be certified between 2011 and
2030, there will be a deficit of approximately 2000.
The Physician Supply and Demand Projections of 2020
from the Health and Human Services Administration are
4100 active physicians in 2020 but only 3620 full-time
equivalents. Our predictions agree with that within 5% (Ta-
ble 1, column 4, 3505).8
Drivers of future demand for physicians are population
growth and life expectancy, aging of the patient and popula-
tion, public expectations, and lifestyle factors. The Associa-
tion of American Medical Colleges predicts a shortage of
approximately 160,000 doctors by 2025.10 What will hap-
pen in a shortage? Practitioners will work longer hours, pa-
tients will have longer waits to get appointments and will
travel greater distances to get their care, and hospitals and
health care systems will face growing competition for sur-
geons. They will have to increase their recruiting, improve
their retention policy, and pay particular attention to practi-
tioner satisfaction.
In our estimate of educational expenses, we have used
a figure of $80,000 provided by Cooper in 2008.11 Our esti-
mates include the resident salaries, their benefits, and other
Direct Medical Education expenses. We do not include the
Indirect Medical Education expenses and other costs associ-
ated with producing Board-certified surgeons. Therefore,FIGURE 1. Total of thoracic surgeons.
The Journal of Thoracic and Caour estimates for the educational expenses for residents,
more than 2 billion dollars, are low.Workforce Estimates and Training Programs
Cohn and colleagues12 noted increasing workloads for
thoracic surgeons in their report in 1995; they also noted
there were 289 CT residents serving from 1988 to 1989. In
2002, the Society of Thoracic Surgeons predicted the short-
age after noting that the National Residency Matching Pro-
gram had reported that 21 of the 144 residents positions
offered in that year were not filled.13
Shemin and colleagues,14 in their notable article, indi-
cated that the thoracic surgery workforce was probably
‘‘right sized’’ until approximately 2010. Baumgartner,15 in
his Presidential Address to the Society of Thoracic Surgeons
in 2003, predicted a shortage in 10 to 12 years. Grover,16 in
his Presidential Address in 2008, predicted an even more
significant shortage (using only 75 Board certifications per
year) in CT surgeons in the near future.
One strategy to increase the numbers of thoracic surgeons
includes shorter training periods and part-time activity asFIGURE 2. Thoracic surgeons needed versus supply (plot of columns 3
and 4 of Table 1 against year, column 1).
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sult in more applications to our residencies. The thoracic sur-
gery matching program was first initiated in 1987. By 2005
there was a growing movement to reduce the years of cardiac
surgical training. By adopting an integrated 6-year training
program, the authors said we could shorten the training pro-
gram by 1 year, as in the Canadian system.17
In our review of the 2008 match, there were 86 certified
programs, of which 65 were filled. There were 118 certified
first-year positions, and 94 of them were filled. There were
101 certified applicants for those positions, and 94 of them
matched; 21 of themwere international medical school grad-
uates. In the 2007 match, only 87 positions were filled.
Challenges: Personal and Financial
One of the first challenges is to make a surgical career de-
sirable for college students, particularly medical students,
women, and minorities. One of the steps with regard to im-
plementing this strategy is to have undergraduate students
shadowing physicians in the hospital and their offices. We
have to have medical students’ clerkships on our services.
Many medical schools do not require a CT rotation in their
clinical years. When medical students go to the operating
room with us, we have to let them have a more active role,
and we also need to be more active in their education. We
need to be mentors.
Should we adopt a version of the intersession program at
Johns Hopkins where they have a 3-week rotation on the car-
diac services at the Johns Hopkins Hospital for pre-med stu-
dents? All 13 students in the first 3 years of the program
applied to medical school. They also have a program for pre-
medical and medical students to do CT research. In so doing,
they mentor with the Johns Hopkins faculty. Finally, they of-
fer a 2-week rotation for third-year medical students to rotate
on their cardiac surgical service and even assign them to do
donor runs when there are transplants scheduled.18
A positive experience may be the only way we can con-
vince them of our passion for our patients and our field.
There are profound intellectual and surgical challenges in
what we do. We must show them there will be a market
for their services when they go into CT surgery. There will
be surgery for heart failure and surgery for cancer; more
and more baby boomers will require surgical attention.
Wemust increase residents’ salaries. A resident in CT sur-
gery makes $50,000 to $60,000 per year. Someone with less
than their education who is an associate serving at a promi-
nent white shoe law firm in New York makes more than
$160,000 per year at age 26 years.19,20
One of our greatest challenges is to see if something can
be done about the hours that medical students have to
work after they go into practice. Dorsey and colleagues21
showed that a controllable or scheduled lifestyle is the lead-
ing factor for medical students’ choices of specialties. We
also have to address medical school students’ debt. Stein-838 The Journal of Thoracic and Cardiovascular Surgbrook22 said that the average debt is approximately
$140,000, with 23% of those medical students having debts
of more than $200,000. Merritt, Hawkins, Associates,23 in
their 2008 survey of final year medical residents, indicated
that one of their leading concerns is their medical school
debt. The majority of final year residents would prefer
a straight salary in their first year of practice.
An Association of American Medical Colleges survey in-
dicates there are 250,000 physicians, approximately one
third of the physicians working in 2005, aged more than
55 years.24 If we could take advantage of the retirees as
part-time surgeons, that would increase the numbers too.
One of the barriers is the malpractice premiums that, in
most states, do not include provisions of reducing the mal-
practice premiums for part-time employment. If, on the other
hand, the retired surgeons could serve as hospitalists without
any operating responsibilities, that could be a solution in
some states. Certainly with 30 years in practice, we have
the experience and knowledge to be part-time surgeons or
hospitalists.
Reimbursements are a problem. Frederick Grover, in his
Presidential address, noted the decline of reimbursements
with regard both to the amounts and to the consumer price
index.16 One consequence of this may be the end of private
practice in CT surgery. We are seeing more and more em-
ployment of thoracic surgeons by hospitals. They are mak-
ing a greater wage than they can make in private practice
because of the reimbursements. The hospitals and regional
health care organizations that employ them pay for their mal-
practice expenses, their office expenses, and other benefits,
including both health insurance and retirement. As things
evolve, more and more people will go to hospital employ-
ment because of hours and the other benefits. The hospitals’
recruitment strategies include medical students’ debt for-
giveness, a signing bonus, and relocation expenses.23
Challenges: The Congress of the United States
Finally, our greatest challenge is with the Congress of the
United States. They have to revise the Balanced Budget Act
or we simply cannot train the residents. There is a great pref-
erence for primary care, but a patient cannot undergo an op-
eration without the surgeon. We have to have the residency
posts to educate our young surgeons.11
CONCLUSIONS
There will not be a sufficient number of trained CT sur-
geons to care for the American people as early as 2030.
That shortage will grow to 3000 by 2050. If we can produce
enough trainees to take care of our citizens by 2030, the cost
to the nationwill bemore than 2 billion dollars. To do that, the
governmentmust reform theBalancedBudgetAct to increase
the funding formedical and surgical trainees.Without this re-
vision, and without the necessary surgeons, the population of
this country will face rationing of procedures, access will beery c April 2010
Williams Jr et al Acquired Cardiovascular Diseaseimpaired, and we will be unable to give the high-quality
medical and surgical care that we do in America today.A
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Dr Irving Kron (Charlottesville, Va). The authors make the
case that there will be a predicted shortage of surgeons in the United
States by the year 2030. The American Association for Thoracic
Surgeons and the Society of Thoracic Surgeons in association
with the Association of American Medical Colleges developed an
article that is now in press in Circulation that pretty much comes
up with the same conclusion, about a 25% shortage of CT surgeons
by 2025.
The authors come up with multiple potential solutions, including
shortening training, increasing salaries, and increasing interest in
medical students in our specialty. These are all wonderful ideas,
but I am not sure that is the entire answer.
The first question to the authors is, will there really be a shortage?
That is something we had difficulty with in our article, of course.
What we can’t predict is whether there will be different kinds of
procedures, such as percutaneous aortic valves, that may markedly
affect what our specialty does. How do these models take those
things into account? In addition, what if we change the way we de-
liver care? If we regionalize, I don’t think we would need 1 or 2 sur-
geons in every small program.
My final comment relates to the issue of why we don’t attract
people to our specialty, and it is a real issue. In fact, the job market
is probably getting a little bit better, but the number of applicants
have not changed and may actually be reduced this year. As you
know, the Joint Council on Thoracic Surgical Education is looking
at this particular issue. What we are struggling with is not how you
attract residents, there are ways to attract people, but can you main-
tain the quality? I would like the authors’ thoughts on that.
Dr Sun. Is there really a shortage? I think everybody in this
room would love to have a formula to try to figure that out.
When we do these population-based studies, the wild card is tech-
nology, and that is, unfortunately, something that is unpredictable.
Yet at the same time, we are hopeful that our Society and our field
move along with technology and are participants of technology and
evolution of our practice.
I would like to say that we went through eras when we were the
leaders and innovators in the field. For a while we became pro-
ducers and provided an excellent service, which is therapy for
a lot of our patients. With pressure back on our field, we are back
in the innovation mode, which I think is healthy for us.
Trying to answer that question is extraordinarily difficult, be-
cause technology can put all of us out of business if we develop
some therapy that dissolves plaque disease and has a way to shrink
all malignancies with a noninvasive therapy. We will have a differ-
ent challenge. But seeing that those things are not likely to occur in
our lifetimes, we have to plan for a potential real problem that exists,
which is the growth of our population and the increase in diabetes,
obesity, and other risk factors associated with the diseases that we
manage, and will likely contribute, to some extent, to the growth
of therapies needing our help and our skills. This is a moving target,
and one of the flaws of our presentation is that we have a fixed ratio,
and that ratiomay vary by year.We are assuming a CT surgeon ratio
of 1.42 physicians per 100,000 population. That ratio may eventu-
ally be 1.2 or maybe 1 per 100,000. It probably is not going to be
0.5 or 0.8. So we still think that this is going to be a shortage for us.
Your second question specifically addresses our residency and
bringing people into our field. Because all of us are part of trainingrdiovascular Surgery c Volume 139, Number 4 839
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Dprograms, or many of us are part of programs, one of the areas that
has been the biggest struggle for us is exposure, and I think Dr Wil-
liams mentioned that as well. When people see what we do, when
people ‘‘play’’ with us, that is where we get them interested. We
have to take ownership of this as well and be good role models
and teachers to provide a good experience, and give them the840 The Journal of Thoracic and Cardiovascular Surgidea that this is a field worth going into. I think we still have a per-
ception problem, which is that there are not that many jobs out
there, and these are the kinds of information that we need to get
out for ourselves and say, let’s do a survey, let’s see how many
open positions there are, to try to dispel some of those kinds of im-
pediments to people going into our field.ery c April 2010
